Holub A., F. Doldel: 1nfluence of Daily Sucking Frequency on the Consumption of Liquid Diet in Early-Weaned Piglets. Acta vet. Bmo, 63,1994: 121-128. In 58 Large White piglets weaned on the second day after birth and reared individually in two groups in a thennoneutral zone on a liquid 78.47% dehydrated diet of a macronutrient content similar to that of sows'milk the consumption of the liquid diet, gross energy (GE), water, N substances and lipids was measured up to 4 weeks of age.
In mammals, signals from the gastrointestinal tract playa primary role in postprandial satiety. They determine the meal size if food is available ad libitum (Smith and Gibbs 1979, Houpt 1982) . These short-tenn mechanisms, however, obviously correlate with long-tenn mechanisms, e. g. with diurnal mechanisms (Booth 1972) . In pigs this is evidenced by the fact that intragastric administration of a diet decreases its oral intake during 24 hours (pekas 1983 (pekas . Gregory et al. 1989 .
The situation in piglets during the early postnatal period is different in this respect. After intragastric infusions ornutritional deprivations they also show different prandial adaptations (Hou pt et al. 1979) . Therefore the distention of the various compartments of the gastrointestinal tract is not the only factor underlying their ingestion (S tephens 1975) . Nevertheless, compared with those of grown-up pigs, their control mechanisms offood consumption are immature, gaining in functional efficacy only with uncreasing age (H 0 1 u b 1962 , 1968 , 1988 .1991 ,1994 Houpt et al. 1977 , Stephens 1975 , Wangsness and Soroka 1978 , Gregory and Rayner 1987 .
Up to now the maturation of short-tenn control mechanisms and their relation to the long-tenn control of diet, energy. macronutrients and water intake in piglets has been studied only partially, being overlapped by the interaction between dam and littennates (Holub 1994) . The following experiment was designed to provide further infonnation along this line.
Materials and Methods
A total of 58 Large White piglets divided into two groups were used to assess their consumption of diet, gross energy (GE), water, proteins and lipids. They were separated from the sows on tQe second day after birth and reared individually in cages as described previously (Holub 1964 ,1988 ,1991 , Holub and BaranyiovA 1989 , Holub and KomArek 1964 . They were fed a liquid diet (Holub 1963) which after heating to body temperature was offered to them for sucking ad libitum from feeding bottles ten times a day at 2-hour intervals except a 6-hour night break (Group A) and six times a day at 3-hour intervals except a night break of 9 hours (Group B). Its consumption was measured by weighing the bottles before and after sucking. The composition of the diet in the two groups was the same: it contained 5.36 MJ.kg-' GE, half of this in lipids, 4.95% crude protein, 6.78% lipids, 8.59% saccharides and 78.47% water; thus it contained 146 g water per 1 MJ BE and 16 g water per 1 g protein. Live body mass of the piglets was recorded daily before the first sucking. Their relative growth was expres-sed according to Brody (1945) . The significance of the results was assessed by Student's t-test and their variability was expressed in terms of standard errors of the means.
Results

Intake of Diet, GE, Water and Macronutrients at One Sucking
In both groups of piglets the mean meal size of diet, GE, water, crude protein and lipids consumed at one sucking increased with advancing age in parallel between 3 and 28 d; 5.7 times in Group A and 6.3 times in Group B. The differences between the two groups were not significant except in the last two days of the experiment when the mean meal size was greater in Group B (p<O.05) (Fig. 1 ).
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a,e of pl,lets d Expressed per live body mass unit, the consumption of diet, GE, water, protein and lipids was significantly higher (P<O.05) in Group B than in Group A between 5 and 7 d and from 12 d onwards (Fig. 2) .
The differences became even more pronounced when the results were related to metabolic mass (kgO. 75 ) of the piglets (Fig. 3) .
Daily Consumption of Diet, GE, Water and Macronutrients
In both groups the daily consumption of all fed components increased step by step, rising 5.9 times in Group A and as many as 7.3 times in Group B between 3 and 28 d. Nevertheless, it was significantly (P<O.OI) lower in Group B than in Group A (Fig. 4) .
Cumulative consumption of the diet and its components was also lower in Group B, by approximately 40%, i. e. in proportion to the limited frequency at which the diet was offered (Table 1) .
Live body mass of piglets of the two groups differed already at their inclusion in the experiment and rose uneqally during the experiment. Relative growth reached 142 in Group A (increase in live body mass by 5.88 kg) and 133 in Group B (increase by 5.32 kg). In consequence, piglets of Group B weighed 2.29 kg less than those of Group A at the end of the experiment (Fig. 5) . Related to live body mass gain, the consumption of the diet was higher in Group A than in Group B (Table 1) .. To eliminate the differences due to the changes in body size of the piglets we expressed the consumption of the diet per live body mass unit. In Group A the daily consumption of diet, GE, water and N substances and lipids declined, after a preceding short period of adaptation to the new feeding technology, from 4 to 9 d, then rose abruptly up to 19 d and after non--significant fluctuations declined from 25 to 28 d. In Group B a similar time course of changes in the consumption was recorded. After a short adaptation period the consumption decreased from 6 to 8 d, rose up to 20 d and declined to 27 d. In Group A it was significantly higher than in Group B up to 13 d. Afterwards this difference disappeared. Piglets that were offered the diet at 3-hour intervals consumed at one sucking significantly (P<0.05) more diet per live body mass unit already from 5 to 7 d. However, this apparently was not enough to counterbalance the food intake of piglets sucking at 2-hour intervals. This did not occur until the the decline in ingestion was overcome at about 9 d; from 12 d onwards Group A piglets consumed significantly (P<0.05) more diet per live body mass unit till the end of the experiment (Tables 2 and 3) . Table I CODSUlDpUGD ofUquid diet, BE, water, proteins and Upids by piglets weaned on the second day after birth aDd fed 10 times (A) or 6 times (8 These differences in the consumption of diet, GE, water, protein and lipids became even more pronounced when related to metabolic mass. In Group B the consumption of nutrients was significantly lower by at least 12% (17 d) and even by as many as 51 % (8 d) (Fig. 6) . 
Discussion
In mammals oral nutrition associated with activation of specific functions of the gastrointestinal tract begins in the perinatal period. Like other neonates, piglets begin to cover their nutritional needs by sucking milk in complex interactions between the sow and littermates. The ritual of collective sucking associated inseparably with satisfaction of the nutritional and hydration needs as component units of the higher biological unit made up by the litter and sow is rapid to develop. The feeding mechanisms of neonatal piglets are so specific in character (Adolph 1968 . Holub 1968 , 1988 , 1991 , 1994 Phifer and Hall 1988 ) that the meaning of terms such as hunger, thirst and satiety is different than in grown-up pigs. Their consumption can be limited by both the sow and competitive littermates. In piglets left with the sow the transition from this early suckling control of nutrition to a more mature and more plastic one does not begin until they not only suck milk but also begin take in solid feeds and drink liquids individually (Holub 1968 (Holub , 1988 (Holub , 1990 (Holub , 1991 (Holub ,1994 . The regulation of ingestion depending hitherto on the sow plus competitive littermates is thus shifted to the individual piglet. The new hierarchy of regulation arising in the piglet makes it capable of separate and appropriately integrated nutritional responses even after isolation from the sow.
However, if a piglet is weaned on the second day after birth onto a liquid diet of a constant energy, macronutrient and water content fed ad libitum at the same intervals for four weeks, it gets abruptly into a quite different situation. Its world, environment and stimuli are changed completely whithin 48 hours after birth. The developing intricate and fragile biological system, sow plus litter, is thus disrupted and demolished. The piglet is transferred from common nutrition with marked competitive elements in the litter to solitary nutrition (Holub 1994) . It is not limited by sow's milk production and does not compete for milk with its littermates any longer. However, it can neither select the kind of nutrition nor change the frequency of its consumption (Holub 1988 (Holub ,1990 (Holub ,1991 (Holub ,1994 . After sucking a certain volume of diet and a certain amount of energy, macronutrients and water it stops its ingestion by itself. By this intervention the large relative daily ingestion, characteristic of piglets sucking only sow's milk in the first three postnatal weeks (Holub 1962) , is made to continue in further days (Holub 1964 ,1988 ,1991 , 1994 , Holub andKomarek 1964 . The high daily consumption of diet, GE, water, crude protein and lipids per live body mass unit by piglets fed 10 times a day in the present experiment is in keeping with the fore-going observations and confirms them.
The same applies to experiments where piglets were in contact with nutrition only nine times a day using the same weaning technique (Holub 1968, Holub and Baranyiova 1989) .
No significant differences were previously found in the volume of diet ingested at one sucking at various daily hours in piglets offered the diet for sucking 10 times a day (H 0 I u b and Komarek 1964). This averaged one tenth of daily consumption throughout the experimental period. That such differences are not significant was our premise in the experiment with piglets sucking 6 times a day at intervals prolonged from 2 to 3 hours.
In our present experiment the actual mean meal size increased without showing significant differences between Groups A and B except in the last two days of the fourth postnatal week. However, when the results were related to live body mass and metabolic mass, a different picture became apparent: piglets of Group B ingested significantly more diet at one sucking than of those Group A from 5 to 7 d and then from 12 d till the end of the experiment. Nevertheless, it was not until the end of the second postnatal week that the meal size of Group B piglets became so great that full compensation for the limited contact with the diet was achieved. From this age the daily intake of the diet and its components by piglets fed 6 times a day was the same as in those fed 10 times a day, a preliminary observation along this line being reported by us previously (Holub and Dole!el 1964) .
The ingested volume is determined primarily by stimuli from the gastrointestinal tract, by local situation in the stomach. The consequence of their short-term action was that the meal size made up about70% of the gastric volume found in previous report (J e!kov a andH 0 I u b 1969) on the basis of post-mortem examination. Another factor involved in the available capacity of the stomach is the passage of food through the gastrointestinal tract. In piglets it takes place so rapidly during the postnatal period that at minimally 2-hour ingestion intervals it cannot be regarded as a limiting factor.
However, the short-term mechanisms underlying food intake are obviously not the only . 1979) . Also from our present results it appears that specific long-term mechanisms, too, begin to be increasingly involved during this period. They gain in importance with advancing age (Stephens 1975 , Houpt et al. 1977 and as evident from our results obtained under the present experimental design, where the consumption of liquid diet fed at different frequencies was measured both at one sucking and daily, specific long-term mechanisms become all at once dominant, beginning to overlap those of short-term operation. In piglets this occurs at the end of the second postnatal week, during a period characterized by us as the weaning period (H 0 I u b 1968) . Their appetitive responses gain gradually in accuracy, become differentiated and more deliberate even without participation of the dam (H 0 I u b 1994). In the interest of modifications in the metabolism which also goes through intensive individual development the postnatal supply of nutrients in piglets, similarly to other polytocous species (Adolph 1968 , Hall 1979 , undergoes continuous improvement, becoming considerably plastic (Holub 1994) even in diarrhoeic piglets (Baranyiova and Holub 1991, 1993ab) . Thus when subjected to social deprivation (separation from both the dam and littermates) and experiencing deep interventions in their very intensive and energetically tense nutritional regimen, piglets are able to modify homeostasis and remain in anabolism even higher than that exhibited by piglets reared traditionally with the dam in the litter. The afore-mentioned facts provide further evidence to substantiate our previous generalization (H 0 I u b 1968) that early postnatal development of piglets goes through several stages in a cascade-like way.
V1iv dennf frekvence s8ni na konzum tekute diety u &sn~ odstavenych selat U 58 selat plemene bileho u~lechtilehoodstavenych ve drubem dnu !ivota po narozenf a individualne odchovavanych ve dvou skupinach v termoneutralni z6ne na tekute diete hydratovane ze 78,47 % a obsahem makronutrientlipodobne mleku prasnic jsme do stafi 4 tydnit menli konzum tekute diety, bruttoenergie (BE), vody, N latek a tukit. 
